We report a remarkable association of recurrent (stereotyped) cytogenetic aberrations with two subsets of chronic lymphocytic leukemia (CLL) cases expressing IgG-switched, stereotyped B-cell receptors (BCRs). Comparison with cases with heterogeneous BCRs showed that these recurrent cytogenetic aberrations were subset-biased. These findings further support a role for antigen in CLL development.
CLL is uniquely characterized by the existence of subsets of cases with closely homologous (stereotyped) BCRs.
1-6 As we and others have recently reported, CLL cases expressing stereotyped BCRs may also share unique molecular, immunophenotypical and clinical features, 2, 6 suggesting that a particular antigen-binding site can have a differential impact on clinical presentation and perhaps also outcome, regardless of IGHV mutation status. The few relevant studies have not provided a cytogenetic profiling of patients in subsets. Given the established prognostic and pathogenetic implications of specific cytogenetic aberrations in CLL, in this study we explored whether patients belonging to subsets with stereotyped BCR sequences also shared recurrent (stereotyped) cytogenetic findings.
We evaluated 179 typical, unselected CLL cases. Detailed descriptions of the study design and methods have been previously reported. 7 Combining results from classic cytogenetic and FISH analysis, the overall incidence of trisomy 12 and abnormalities of 13q, 11q23, and 17p13 was 23.3%, 31.3%, 3.7%, and 2.5% respectively. Clonal IGHV-D-J sequences were available for all cases of the present study. Using the 98% cut-off for homology to germline, 101/179 IGHV-D-J rearrangements (56.4%) were considered mutated, while the remainder (78/179 cases; 43.6%) were considered unmutated.
Cluster analysis of HCDR3 sequences following previously described criteria 3, 6 showed 30/179 cases (16.8%) to belong to 8 different subsets with stereotyped HCDR3, all of which have been previously reported. [1] [2] [3] [4] [5] [6] Five out of the 8 subsets included only pairs of sequences and will not be considered further, since the possibility that shared cytogenetic findings may be due to chance alone cannot be a priori excluded. Therefore, we focus on 3 subsets of cases with stereotyped BCRs which included 3-8 cases each. The heavy chain isotype was the same among members of the 3 subsets. The first subset included 8 IgM/IgD cases with stereotyped BCRs expressing unmutated IGHV genes of the 1/5/7 clan, who carried heterogeneous cytogenetic aberrations. In contrast, the remaining 2 subsets of IgGswitched cases with stereotyped BCRs (Figure 1) showed recurrent, subset-biased genomic aberrations.
In particular: (i) 3 out of 4 cases with stereotyped, unmutated IGHV4-39/IGKV1-39(1D-39) BCRs carried trisomy 12; the remaining case had no cytogenetic abnormalities. In contrast, IGHV4-39-expressing cases with heterogeneous HCDR3s (non-stereotyped) carried heterogeneous aberrations. Comparison with all other IgG-switched cases as well as non-switched CLL cases revealed that the association of trisomy 12 with this stereotyped subset was statistically significant (p<0.01 for either comparison); (ii) 5 out of 8 cases with stereotyped, mutated IGHV4-34/IGKV2-30 BCRs carried del(13)(q14), detected either by classic cytogenetic and FISH analysis (1 case) or by FISH analysis alone 4 cases); the remaining 3 cases were negative for cytogenetic aberrations. In contrast, IGHV4-34 cases with heterogeneous HCDR3s (non-stereotyped) also 
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carried heterogeneous cytogenetic aberrations. Comparison of stereotyped IGHV4-34/IGKV2-30 cases to: (i) nonstereotyped IGHV4-34 cases, (ii) all other IgG-switched cases and, (iii) non-switched CLL cases revealed that the association with del(13)(q12q14) is subset-specific (p=0.05, p<0.001 and p<0.01 respectively).
IgG-positive CLL is a relatively rare variant of CLL, whose origin and ontogenetic relationship to the common IgM/IgD variant remains unknown. 8 Ghiotto et al. first reported a subset of IgG-switched cases expressing IGHV4-39/IGKV1-39(1D-39) BCRs;
2 similar cases were subsequently reported by other groups, including ours.
5, 6 Here, we document a remarkable association of trisomy 12 with cases belonging to this subset. Although trisomy 12 is among the more common recurring chromosomal defects in CLL, 7, 9, 10 it is generally detected at a frequency (~20%) which is significantly lower than its frequency in this subset (3/4 cases; 75%).
The IGHV4-34 gene is over-represented in the repertoire of IgG-switched CLL cases. 6, 8 Several groups, including ours, have reported a subset of IgG-switched cases expressing restricted IGHV4-34/IGKV2-30 BCRs. 3, [5] [6] 8 In the present study, we document a remarkable, statistically significant association of this subset with del(13)(q12q14). One might argue that the frequent occurrence of del13q in patients of this subset is merely a reflection of the overall high frequency of this genomic aberration in CLL (9-10). However, del13q was detected at a significantly higher frequency in stereotyped compared to non-stereotyped IGHV4-34-expressing cases, all other IgG-switched cases or nonswitched CLL cases from our series.
In conclusion, recurrent (stereotyped) cytogenetic findings in IgG-positive CLL patients with stereotyped HCDR3 sequences indicate that selective antigenic pressures play an important role in CLL leukemogenesis, for at least some CLL patients. Because the number of cases studied is admittedly small, it will be necessary to confirm our results on a larger cohort of these rare CLL IgG-positive patients with stereotyped BCRs.
